§J LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 
1 ■ FIELD OF THE INVENTION 

The present invention relates to a display device, and^ 
more particularly. to an active-matrix type liquid crystal 
display devic^^ 1 ^ 

. 2 - . DBOGRirTION Or THE RELATED ART 

In an active-matrix type liquid crystal display device, 

on a liquid-crystal-side surface of one of roopactW eisubstrates 

which face each other in an opposed manner with liquid crystali 

therebetween, for example, jugate signal lines which extend in 

the X direction and are arranged in parallel in the y direction^ 

and drain signal lines which extend in the y direction and are 

arranged in parallel in the x direction nrn, fiffEmaeL , Regions 

which are aurroundt»d ||^y these respective signal lines constitute 

pixel regions, and a sasesBs^^of these respective pixel regions. 

arranged in a matrix array fnrmi-; ^a liquid crystal display part. 

Here, each pixel region includes a switching element which 

is driven in response to a scanning signalj(f rom one gate signal 

line and a pixel electrode to which a video signal is supplied 

from one drain signal line through the swi tching element. 

^ Thffipi . vpl plprl-rnrln gcne-i - aLeA An electric f iel^j^b^ween 

the pixel electrode and a counter electrode, which is formed 

ZBB. 

on the above-mentioned one substrate or^aaother substrate^and 




the optical transmissivity of the liquid crystal is controlled 

based on the electric field. 

The optical transmissivity of the liquid crystal is 

determined based on sr-^ amount of potential difference (gray 

scale) of the video signal (voltage) applied to the pixel 

electrode with respect to the reference signal (voltage) applied 

to a counter electrode. Here, for example, for preventing ^fe«A 

polarization of the liquid crystal, there^hi.i ■ Ijulii known it method Aa^ 

^ A 

which gcnerate - G a positive-side gray scale voltage and a 
negative-side gray scale voltage jwith respect to the 
above-mentioned video signals and applioc these gray scale 
voltages^^alternately, for example. 

In such ^ pixel driving, while th^rrihnn been known ^ 
method in which {tj^center voltage of the video signal is always 
fixed irrespective of aj( amplitude of the signals as shown in 
Fig, 12 Mgt , thereji^hafedafifflS also/^ known method in which the 



center voltage of the video signal is decreased corresponding 



to tt5^increase t^the amplitude of the signal^as shown in Fig. 

^That is, the pixel is configured to be driven by forming 
the respective gray scale voltages such that an average value 
of the positive-side gray scale voltage and the negative-side 
gray scale voltage is increased with respect to the reference 
signal supplied to the counter electrode along with feias^decrease 
eJ^the signal amplitude of the video signal (see Japanese 
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Unexamined Patent Publication Hei7 (1995) -92937 (patent 
literature 1) ) . 



BRIEF SUMMARY OF THE INVENTION 

However, in liquid crystal display device having such 

a constitution, when the signal amplitude of the video signal 

is switched between maximum and fefee minimuirj, to be more 

specific, when the display is switched from black to white or 

from white to black, as can be readily understood f rony^tho drawiH^, 

tds&jl^large difference arises between the center voltage before 

switching and the center voltage after switching, 
^ — ■ 

^This implies that^ when tsbej observation is made in view 



of Sjstate after switching, the state is equivalent to a state 
in which a DC current is applied between the pixel electrode 
of the pixel and the counter electrode until a point cc&|time 
immediately before switching. 

After switching, "tedaei center voltage suitable as a value 



after switching is applied by a switching elementj and^ hence, 
there exists no DC current between the pixel electrode of the 
pixel and the counter electrode. However, the response of 
liquid crystal molecules in response to the change s#-< voltage 
requires several tens^ ms j and^ hence, the above-mentioned 
influence of the DC current remains optically until the 

completion of the response. 

^ — >^ 

^Accordingly, there arises a phenomenon febes^the apparent 
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response speed is delayed due to the influence of the DC voltage. 

The present invention has been made uaa^se j| such 
circumstancesjand it is an j^ adVontag e of the present invention 
to provide a display device which n-nn anhciniiju ut^response ^peed. 

— briefly — explain — the typical infalimXuaju ~m»ng 
invention|f disclosed in this specif icationj[jbhi»y are as follows . 
1. 

A display device according to the present inventionj for 
includes a pixel electrode to which a video signal 



is supplied and a counter electrode to which a reference signals 
which becomes feise^ref erence with respect to the video signal^ 
is supplied in each pixels wherein — ^ 



^ a positive-side gray scale voltage and a negative-side 
gray scale voltage are formed with respect to the reference 
signal applied to the counter electrode such that 

^ C^^^Wverage value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is increased when :se~^ 
signal amplitude of the video signal falls in a range from a 
minimum value to a first value, > 

^^^^^the average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is decreased when the 
signal amplitude of the video signal falls in a range from the 
first value to a second value, and 

C^^the average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is increased when the 
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signal amplitude of the video, signal falls in a range from the 
second value to a maximum value. 

The display device according to the present invention 
is, luju ijiidmjMlL4 on the premise of the constitution of mooi^^"' 
Ir characterized in that the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage 
with respect to the signal amplitude of the video signal assumes 
an upper extreme point at a point where the average value changes 
f romj| tho ingL^g'Qoe to th.c dooroaoo i and^ a lower extreme point 
at a point where the average value changes fromyfe-ho dooroae-e 
to the incrca3ej|in the range from the minimum value to the maximum 
value of the signal amplitude of the video signal. 

The display device according to the present invention 
is^ for CALrtw^iJ^ on the premise of the constitution ofy^moano 
2, characterized in that the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage 
with respect to the signal amplitude of the video signal which 
reaches the lower extreme point from the upper extreme point 
is changed monotonously. 

The display device according to the present invention 
IS, f OA- r xmnfHrSr> on the premise of the constitution of issass/ 



2, characterized in that the average value of the positive-side 
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gray scale voltage and the negative-side gray scale voltage 
with respect to the signal amplitude of the video signal is 
changed monotonously from the minimum value to the upper extreme 
point of the signal amplitude of the video signal and from the 
lower extreme point to the maximum value of the signal amplitude 
of the video signal. 

The display device according to the present invention 

IS, f (rTrj:Hnmp:Tr4 f on the premise of the constitution of Wm^SJ^ 

A, characterized in that the average value of the positive-side 

gray scale voltage and the negative-side gray scale voltage 

of the signal amplitude of the video signal at the minimum signal 

amplitude of the video signal is smaller than the average value 

of the positive-side gray scale voltage and the negative-side 

gray scale voltage of the signal amplitude of the video signal 

at the lower extreme point. 
^^^^ 

The display device according to the present invention 

________ 

is, fearaeanfflBp*^^ on the premise of the constitution of"3£5^!fe 
4, characterized in that the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage 
of the signal amplitude of the video signal at the maximum signal 
amplitude of the video signal is larger than the average value 
of the positive-side gray scale voltage and the negative-side 
gray scale voltage of the signal amplitude of the video signal 
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at the upper extreme point. 

A display device according to the present invention^ 
f^ i M i imi[rt^ includes a pixel electrode to which, a video signal 
is supplied and a counter electrode to which a reference signal 
which becomes Id^ii^ reference with respect to the video signal 
is supplied in each pixels wherein -"^'^-s. 



Ca positive-side gray scale voltage and a negative-side 
gray scale voltage are formed with respect to the reference 
signal applied to the counter electrode such that 



^ O) oa^average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is increased when iTp 
display gray scale of the video signal falls in a range from 
a minimum value to a firs t value, 

the average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is decreased when the 
signal amplitude of the video signal falls in a range from the 
first value to a second value, and 



the average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is increased when the 
display gray scale of the video signal falls in a range from 
the second value to a maximum value. 
8. 



The display device according to the present invention 
is, lUi uilJiUijiii^, on the premise of the constitution of 
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7, characterized in that the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage 
with respect to the signal amplitude of the video signal assumes 
an upper extreme point at a point where the average value changes 
from Wig ingigoao^ j to the docronvrc ^nd a lower extreme point 
at a point where the average value changes f r "-m i-Mn — ri n nVrmr 
to tjar. i nnrnn ?i» jH^in the range from the minimum value to the maximum 
value of the display gray scale of the video signal. 
M&see^ 9. 

The display device according to the present invention 
is, fni-i I' rfi,ilL| on the premise of the constitution of mQQit&^ 

8, characterized in that the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage 
with respect to the signal amplitude of the video signal which 
reaches the lower extreme point from the upper extreme point 
is changed monotonously. 

10* 

The display device according to the present invention 
is, for i:^naiui.r±u^ on the premise of the constitution of^mooiis 

9, characterized in that the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage 
of the signal amplitude of the video signal at the minimum display 
gray scale of the video signal is smaller than the average value 
of the positive-side gray scale voltage and the negative-side 
gray scale voltage of the signal amplitude of the video signal 
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at the lower extreme point. 

The display device according to the present invention 
is, for GKQmplG / on the premise of the constitution of ifi^^Tir^ 
9, characterized in that the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage 
of the signal amplitude of the video signal at the maximum display 
gray scale of the video signal is larger than the average value 
of the positive-side gray scale voltage and the negative-side 
gray scale voltage of the signal amplitude of the video signal 
at the upper extreme point. 



The display device according to the present invention 
fni i.jxduiiiJlujf on the premise of the constitution of 



11, characterized in that the display device is driven in a 
normally white mode in which the minimumj|of the display gray 
scale assumes a white display and the maximumjjof the display 
gray scale assumes a black display. 



The display device according to the present invention 
t^ oa: ojuQmpl-ct on the premise of the constitution of mcQRs ^ 
11, characterized in that the display device is driven in a 
normally black mode in which the minimum;(of the display gray 
scale assumes a black display and the maximumj^of the display 
gray scale assumes a white display. 
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Wpfln ji 14 . 

A display device according to the present invention, 
C Hninpla ^ includes a pixel electrode to which a video signal 
is supplied and a counter electrode to which a reference signals 
which becomes t5fc»j|ref erence with respect to the video signal^ 
is supplied in each pixel, wherein 

^ith respect to the reference signal which is applied 
to the counter electr ode, 

^along with -tdrej^increase s&aa^amplitude of the video signal 
voltage, a positive-polarity voltage jt of the video signal 
includes at least two points of inflection^ such that the 
positive-polarity voltage is sharply increased, is gradually 
increased and is again sharply increased, and a 
negative-polarity voltage^of the video signal includes at least 
two points of inf lection^such that the negative-polarity voltage 
is gently decreased, is sharply decreased and is again gently 
decreased. 



ni5. 

A display device according to the present invention, 

'rpvnmpliQ^, includes a pixel electrode to which a video signal 

is supplied and a counter electrode to which a reference signal^ 

which becomes the reference with respect to the video signal^ 

is supplied in each pixel, wherein 
<r- — ; ' — 

^ along with ^fefee^mcrease ^^jgray scale to be displayed, 
a positive-polarity voltage)^ of the video signal includes at 
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least two points of inf lectiorijsuch that the positive-polarity 
voltage is sharply increased, is gradually increased and is 
again sharply increased, and a negative-polarity voltage^ of 
the video signal includes at least two points of inflection^ 
such that the negative-polarity voltage is gently decreased, 
is sharply decreased and is again gently decreased. 
Mpnn? j[~'16. 

The display device according to the present invention 
is, - for GKampla v on the premise of the constitution of either 
one o ^moann 1 or 7, characterized in that a circuit which forms 
the respective gray scale voltages includes gray scale division 
resistances and these resistances are constituted of seven or 
more resistances. 
17. 

The display device according to the present invention 
is, ' £ui Ox^xJiLipluv on the premise of the constitution of ^^Ss T^ 
16, characterized in that a resultant resistance of the gray 
scale voltages between positive-polarity voltage outputs is 
set|larger than a resultant resistance of the gray scale voltages 
between negative-polarity voltage outputs. 

ft4^^€I^S^3j^ 13* 

A i \i i i -Mj|- method of j^a display device according to the 
present invention, for example, which includes a pixel electrode 
to which a video signal is supplied and a counter electrode 
to which a reference signal^ which becomes fetoe^ reference with 
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respect to the video signal is supplied* in each pixel, wherein <a 

r- — ' — : ; — ^ 

^a positive-side gray scale voltage and a negative-side 
gray scale voltage are formed with respect to the reference 
signal applied to the counter electrode such that > 



^^^-'^^SRj^ aver age value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is increased when a 
signal amplitude of the video signal falls in a range from a 
minimum value to a first val ue, "^"^ 

^ (^the average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is decreased when the 
signal amplitude of the video signal falls in a range from the 
first value to a second value, and 



^ ^ average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage is increased when the 
signal amplitude of the video signal falls in a range from the 
second value to a maximum value. 

The present invention is not limited to the 
above-mentioned constitutions and various modifications are 
conceivable without departing from the technical concept of 
the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a wa^^ showing n n rj- lo mb oi idimis n L j f the 

relationship between -ffjsignal amplitude of a video signal and 
a center voltage (an average value of a positive-side gray scale 
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voltage and a negative-side gray scale voltage) of the video 
signal of a display device according toj^the present invention; 

Fig. 2 is a graph showing the relationship between the 
signal amplitude of the video signal and the display brightness 
of the display device according to the present invention; 

Fig. 3 is a qrnphj^showing a notho - g embodimariL of the 
relationship between the signal amplitude of the video signal 
and the center voltage (the average value of the positive-side 
gray scale voltage and the negative-side gray scale voltage) 
of the video signal of t±j^display device according teethe present 
invention; 

Fig. 4 is a timing chart showing the video signal (having 
the positive-side gray scale voltage and the negative-side gray 
scale voltage) , a scanning signal and a reference signal supplied 
to pixels of the display device according to the present 
invention; 

Fig. 5 is a circuit diagram showing one embodiment of 
a resistance voltage divider circuit provided to a latter stage 
of a gray scale generating circuit pj- » u ) viatdd =fe=0|the display device 
according to the present invention; 

Fig. 6 is a graph showing one embodiment of a video signal 
(having a positive-side gray scale voltage and a negative-side 
gray scale voltage) supplied to pixels of the display device 
according to the present invention in view of the relationship 
thereof with a display gray scale of the video signal; 
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Fig, 7 Ic^Q tab ^^ showing one embodiment of respective 
resistance values of the resistance divider circuit in the latter 
stage of the gray scale generating circuit provided to the 
display device according to the present invention, gray scale 
voltages. obtained from the resistance voltage divider circuit 
and the center voltage of the video signaJj^; 

Fig. 8_Ais an equivalent circuit diagram showing one 
embodiment of the display device according to the present 
invent ior^^ ' ^ ' ; 1 



J, Q is a i^uiiaLltutional victf ^i s howirlgron^ ' ernbodim^^ 



of the pixel of the display device according to the present 
invention; 

Fig. 10 is a - congtitutional | view showing another 
embodiment of the pixel of the display device according to the 
present invention; 

Fig. 11 is a oonotitutional j^view showing embodiment 
of a pixel of a liquid crystal display device according to the 
present invention; and 

^ ^^^L ^ yj-^tJh /^showing an citamplc j^of th^ relationship 

between fcjjsignal amplitude of a video signal and Renter voltage 
of the video signal of a conventional liquid crystal display 
device . 



DETAILED DESCRIPTION OF THE INVENTION 
Embodiments of a display device according to the present 
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invention sr^ | explained in conjunction with j[ drawings 

hereinafter. 

Embodiment 1 . 

«Overall equivalent circuit» 

Fig. 8A^is an equivalent circuit diagram showing one 
embodiment of a display device (a liquid crystal display device 
in this embodiment) according to the present invention. 
Although the drawing is ti3:ej^eq^ivalent circuit diagram, it is 
depicted in accordance with -sSJactual ais*fetefii[^ arrangement 
of the circuit i^of the display device. 

The display device includes a pair of transparent 
substrates SUBl, SUB2 which are arranged to face each other 
in an opposed manner with liquid crystal^therebetween, wherein 
the liquid cr^tal isy^ sealed by a se^^ng material SL^ which 
also performs ftj|f unction of fixing auoaoa ^i^ransparent substrate 
SUB2 to eaa^JI transparent substrate SUBl. 



On a liquid-crystal-side surface of aaa&j transparent 
substrate SUBI^which is surrounded by the sealing material SL, 
gate signal lines GL which - extend in the x direction and are 
arranged in parallel in the y direction^and drain signal lines 
DL w hich extend in. the y direction and are arranged in parallel 
in the x direction ^gw^ ae^ 



Regions which are nnrr n m n ii Lj^by the respective gate signal 
lines GL and the respective drain signal lines DL constitute 
pixel regions^and a les^^of these respective pixel regions ^in 
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a matrix arrayj^constitute/{( a liquid crystal display part AR. 

Further, in the respective pixel regions which are 
arranged in parallel in the x direction, a common counter voltage 
signal line CL^which runs in the inside of the respective pixel 
regions^ is formed. The counter voltage signal line CL 
constitutes a signal line for supplying a voltage^^which becomes 
fefefirXref erence with respect to a video signal^ to a counter 
electrode CT of the pixel region doejoribod later. 

In each pixel region, a thin film transistor TFT^ which 
is driven in response to a scanning signal from the one-side 
gate signal line GL^and a pixel electrode PX to which a video 
signal is supplied from the one-side drain signal line DL via 
this thin film transistor TFT arc f^i^umod . . 

^ This pixel eleetL - ode PX gGnoratcs 4n electric f ield*^ 
between fete^jpixel electrode PX and a counter electrode CT which 



is connected to the counter voltage signal line CKand^ 



the optical transmissivity of the liquid crystaljjin response 
to the electric field. 

Here, a capacitive element Cstg is formed between the 
pixel electrode PX and the counter voltage signal line CLjand 
a video signal which is supplied to the pixel electrode PX is 
held for a relatively long time due to this capacitive element 
Cstg. 

Respective ends of the above-mentioned gate signal lines 
GL extend beyond the above-mentioned sealing material SL^and 
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the extended ends thereof form terminals GLT to which output 
terminals of the scanning signal drive circuit V are connected. 
Further^ to input terminal of the scanning signal drive circuit 
V, a signal froma printed circuit board (not shown in the drawing) 
which is. arranged outside the liquid crystal display panel is 
inputted. — ^ 

^The scanning signal drive circuit V is formed of a 
plurality of semiconductor devices . A plurality of gate signal 
lines GL which are arranged close to each other are formed into 
a groupjand one semiconductor device is allocated to each group 
of gate signal lines GL. 

In the same manner, respective ends of the drain signal 
line DL extend beyond the sealing material SL^and the extended 
ends constitute terminals DLT to which output terminals of the 
video signal drive circuit He are connected. Further, to input 
terminals of the video signal drive circuit He, a signal from 
a printed circuit board (not shown in the drawing) which is 
arranged outside the liquid crystal display panel is inputted. 

The video signal drive circuit He is also formed of a 
plurality of semiconductor devices. A plurality of drain 
signal lines DL which are arranged close to each other are formed 
into a group^and one semiconductor device is allocated to each 
group of drain signal lines DL. Further, the counter 

voltage signal lines CL are connected in common to a connection 
line at the right sidej^in the drawing^ and the connection line 
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extends beyond the sealingmaterial SL and constitutes a terminal 
CLT at an extended end thereof. From the terminal CLT, a voltage 
which becomes febe-j[ref erence with respect to the video signal 
is supplied to the pixels. 

The respective gate signal lines GL are selected 
sequentially one after another in response to the scanning signal 
from the scanning signal drive circuit V. -^^-n 



^ 

^ Further, to respective drain signal lines DL, the video 
signal is supplied from the video signal drive circuit He at 
the timing of selecting the gate signal lines GL. 

In the above-mentioned embodiment, the scanning signal 
drive circuit V and the video signal drive circuit He are 
constituted of semiconductor devices which are mounted on the 
transparent substrate SUBl • However , the scanning signal drive 
circuit V and the video signal drive circuit He may be formed 



.gna. 



of semiconductor devices ^Aa so-called tape carrier method^ >^ 



which j^are connected to each other while i^stridinj over the 
transparent substrate SUBl and a printed circuit board, for 
example . Alternatively, when a semiconductor layer of the thin 
f ilmtransistor TFT is f ormedof apolycrystalline silicon (p-Si) , 
semiconductor elements made of polycrystalline silicon may be 
formed on a surface of the transparent substrate SUBl toqether 
with i^wiring layers . 
« Constitution of pixel » 

Fig- 9jll^ is a plan view showing one embodiment of the 
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specific constitution of the above-mentioned pixel. Fig. 9(b) 
is a cross-sectional view taken along a line b-b in Fig. 9(a), 
and Fig. 9(c) is a cross-sectional view taken along a line c-c 
in Fig. 9 (a) . 

First of all, on a liguid-crystal-side surface of the 
transparent substrate SUBl,j^a semiconductor layer LTPS formed 

of a polysilicon layer, for examplejf i i r I The 

semiconductor layer LTPS is formed by polycrystalizing an 
amorphous Si film formed by a plasma CVD device, for example, 
using an excimer laser. ^"^--^ 

^The semiconductor layer LTPS Sj^a semiconductor layer 
of the thin film transistor TFT and is formed in a roundabout 
manner such that the semiconductor layer LTPS traverses the 
gate signal line GL doooribod- later twice . 

Further, on the surface of the transparent substrate SUBl 
on ^which the semiconductor layers LTPS formed, a first 

insulation film INS made of Si02 or SiN, for example, is formed 
such that the first insulation film INS also covers the 
semiconductor layers^ST. The first insulation film INS is 
configured to function as jugate insulation filmf of the thin 
film transistor^ TFT. 

Further, on an upper surface of the first insulation film 
INS, the gate signal lines GL v tfh i nh extend in the x direction 
and are arranged in parallel in the y directionj^in the drawing^ 
-nnn f nrniiiid and the gate signal lines GL define rectangular pixel 
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regions tog ether with the drain signal lines PL doaeribod ItKicr . 
^The gate signal lines' GL are configured to run cvnsh that 



gato cignal lines GL j^traverse the semiconductor layer LTPS 
twice^and portions of the gate signal lines GL which traverse 
the semiconductor layer LTPS function as gate electrodes of 
the thin film transistor|f TFT. 

After the formation of the gate signal lines GL, impurities 
ions are implanted by way of the first insulation film INS so 
as to make^ regions of the semiconductor layer LTPS| except for 
a region right below the gate signal line GL^ conductive^ thus 
forming a source region and a drain region of the thin film 
transistor TFT. 

Further, on an upper surface of the first insulation film 
INS, counter electrodes CT are formed. With respect to the 
counter electrodes CT, for example, two strip-like electrodes 
which extend in the y direction^in the drawing are arranged 
close to the drain signal lines DL dcgcribod later in the pixel. 
These respective counter electrodes CT are integrally formed 
with a counter voltage signal line CL wh^ h runs in the x direction^ 
in the drawing at t4» substantiallyAcenter of the pixeljand 
the reference signal is supplied through the counter voltage 
signal line CL. 

Further, on the upper surface of the above-mentioned first 
insulation film INS, a second insulation filmiwhich is made 
of Si02 or SiN, for example, is formed such that the second 
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insulation film GI also covers the gate signal lines GL and 
the counter electrodes CT (counter voltage signal lines CL) . 

On a surface of the second insulation film GI, the drain 
signal lines DL whi rh extend in the y direction and are arranged 
in parallel in the x direction sn?@==#©«fte^ , Then, portions of 
the drain signal lines DL are connected to the above-mentioned 
semiconductor layerjf LTPS via through holes THl which penetrate 
the second insulation film GI and the first insulation film 
INS disposed below the drain signal lines DL. Portions of the 
semiconductor layerf LTPS which are connected with the drain 
signal lines DL are portions which constitute one region, for 
example, drain regions of the thin film transistor| TFT. 

On the surface of the second insulation film GI, a third 
insulation film PAS is formed such that the third insulation 
film PAS also covers the drain signal lines DL. On a surface 
of the third insulation film PAS, pixel electrodes PX are formed. 
These pixel electrodes PX are formed of strip-like electrodes 
which extend in the y direction jin the drawing at the center 
of the pixels^and^hence, the pixel electrode PX is positioned 
between the above-mentioned respective counter electrodes CT. 
The pixel electrode PX has a portion thereof connected with 
another region, for example^a source region of the thin film 
transistor TFT^via a through hole TH2 which is formed in the 
third insulation film PAS, the second insulation film GI and 
the first insulation film INS disposed below the pixel electrode 
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in a penetrating manner. 

Here, the pixel electrode PX is formed to have a large 
width at a portion thereof which intersects the counter voltage 
signal line CLjand a capacitive element Cstg is formed between 
the ^^^1 electrode PX and the counter voltage signal line CL 
at Isbej portion. 

Electric fields which have components parallel to the 

transparent substrate SUBl are generated between the pixel 

electrode PX and the respective counter electrodes^ which are 

respectively positioned at both sides of the pixel electrode 

PX^and the optical transmissivity of the liquid crystal can 

be controlled due to these electric fields. 

Here, the pixel electrode PX is, in this first embodiment, -±2^ 

A 

formed of a light-transmitting conductive layer^ such as ITO 
(Indium Tin Oxide) , ITZO (Indium Tin Zinc Oxide) , IZO (Indium 
ZincOxide), SnOj^( Tin Oxide) , InaOa ( Indium Oxide ) , for example, 
for enhancing ^Jhumerical aperture. 

^^^'^^V above-mentioned embodiment, the pixel 

electrodes PX are formed on the upper surface of the third 
insulation film PAS. However, it is needless to say that; as 
shown in Fig. 9 (d) , the pixel electrodes PX may be formed below 
the third insulation film PAS, that is, on the same layer as 
the drain signal lines DL. This is because 1- 1- i r i t ■ i h r 
substantiallyj^same advantageous effects can be obtainec^ ' 
«Video signal» 
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Fig . 1 is a character istic^ grapli showing the center voltage 
which is changed in response to the magnitude og' isiit .lEimplitudc 
of the video signal supplied to the respective drain signal 
lines DL of the liquid crystal display device according to the 
present invention^ and j^ oorrooponete to Fig. 12j^0l^ . 

In the characteristic gdsa^jphown in Fig. 1^ the amplitude 
of the video signal is taken on an axis of abscissas such that 
the amplitude assumes a minimum value at the left side^in the 
drawing and a maximum value at the right sidej^i«- the drawing^ 
and the center voltage of the video signal is taken on an axis 
of ordinates. Here^ the center voltage of the video signal 
moanc j^an average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage of the video signal. 

The center voltage of the video signal, first of all, 
assumes a certain value ^"a" when the amplitude of the video 
signal assumes the minimum value and is increased corresponding 
to tsbeji^increase of the amplitude of the video signal to a first 
value^thus assuming a certain value ''b". Then, the center 
voltage of the video signal is decreased corresponding to ttre^j 
increase of the amplitude of the video signal to a second value. 
Then, when the center voltage of the video signal arrives at 
a certain value ''c'', the center voltage of the video signal 
is increased to reach the certain value ^'a'' or a value which 
is close to the value "'a''. In other words, the center voltage 
of the video signal at the minimum amplitude value is set to 
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the proper center voltage at the maximum amplitude value^and 
the center voltage of the video signal at the maximum amplitude 
value is set to the proper center voltage at the minimum amplitude 
value . 

Basically, the characteristic -^Mpt^shown in Fig. 1 isL 

OTiiwila-jg^ to the characteristic^e^asapti shown in Fig. 12^itot) with 

Mi A 
respect to a-jipoint that the center voltage of the video signal 

is decreased corresponding to fete increase of the signal 

amplitude of the video signal. However, the characteristic 

j^of Fig. 1 differs from t^ characteristic "^raph^ shown 

in Fig. 12^M4f with respect to 5j|point that the center voltage 

of the video signal is increased within a fixed range A starting 

from a point of time ttey the signal amplitude of the video 

signal assumes the minimum value (a range from the minimum value 

to the first value) and within a fixed range B from a point 

of time immediately before a point of time fe±ts±^the signal 

amplitude assumes the maximum value to the point of time ttect^ 

the signal amplitude assumes the maximum value (a range from 

the second value to the maximum value) . 

The reason tosci^ the above-mentioned characteristic <^ea^ 

is adopted is as follows. As shown in Fig. 12j^^ , when the 

A 

center voltage of the video signal is increased as it is with 
respect to the reference signal applied to the counter electrode 
corresponding to fete;^decrease of the signal amplitude of the 
video signal, the difference between the center voltage of the 
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video signal at the minimum amplitude and the center voltage 
of the video signal at the maximum amplitude becomes relatively 
large. The characteristic grupih shown in Fig. 1 is adopted 
to decrease this difference. By decreasing this difference, 
it is possible to enhance the response speed at the time of 
switching from white to black and black to white^ which Si^most 
important in the response time of the liquid crystal display 
device . 

In this case, the reduction of image retention^which is 
an advantageous effect of the characteristic|| shown in Fig. 
12B<|jl^ V with respect to the characteristic!^ shown in Fia. 12 A 
U0 can be also maintained in this embodiment. This is because^ 
that almi) with respect to the characteristic^ of the video signal 
shown in Fig. 12M^ f there arises a phenomenon'''ttaPtj| the image 
retention's hardly observed in the vicinity of white and blacky 
excluding^colors of intermediate tones. 

That is. Fig. 2 shows a B (brightness) -V (voltage) curve 
of the liquid crystal in use . Although the change ^brightness 
in response to tbe^change of^voltage is sensitive in portions^ 
except for portions where the amplitude of the video signal 
assumes the minimum value and the maximum value, the change 
i^f^brightness becomes relatively insensitive to ^*e| change of 
voltage in the vicinity of the portions where the amplitude 
of the video signal.assumes the minimum value and the maximum 
value. 
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In view of the above, the image retention is hardly 
recognized in the vicinity of the portions where the amplitude 
of the video signal assumes the minimum value and the maximum 
value (in other words,; the range from the minimum value to the 
first value and^the range from the second value to the maximum 
value) . 

asiE* Fig. 2 is a graph in which the amplitude of the 
video signal is taken on an axis of abscissas and the brightness 
is taken on an axis of ordinates, wherein the liquid crystal 
in use is liquid crystal for a so-called normally white mode 
in which a white display is | g Qr formed in a state 'tetePt^a voltage 



is not applied to the liquid crystal. However, with respect 
to the phenomenonj^tlui^e: the image retention is hard^ observed 
in the vicinity of white and black* except for"Tcolors of 
intermediate tones, the circumstances are exactlyjsame also 
with respect to a so-called normally black mode. 

^ig- 3 is a characteristic;!^ gartBi/ph showing another 
embodiment)^ «tf the center voltage wlv^sh is changed in response 
to the magnitude of amiJliL-UJU' Ul the video signal supplied to 
the respective drain signal lines DL of the liquid crystal 
display device according to the present invention i and 
CJuliti. Jipuirao^j^to Fig. 1, 

A point which makes this characteristic grrTP^ different 
from the characteristic <^fiaph shown in Fig. 1 lies in^that an 
average value ^^a" of the positive-side gray scale voltage and 
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the negative-side gray scale voltage of the video ^^al at 
the minimum signal amplitude of the video signal is set^smaller 
than a value '"c" of a starting point of the increase of the 
average value of the positive-side gray scale voltage and the 
negative-side gray scale voltage of the video signal in the 
vicinity of the maximum signal amplitude of the video signal. 

Further^ another point which makes this characteristic 
gi^nph different from the characteristic -1533^ shown in Fig. 
1 lies injythat an average value ^M" of the positive-side gray 
scale voltage and the negative-side gray scale voltage of the 
vide^si^al^t the maximum signal amplitude of the video signal 
is set jsma-llQ - r than a value ^^b" of an arrival point of the increase 
of the average value of the positive-side gray scale voltage 
and the negative-side gray scale voltage of the video signal 
in the vicinity of the minimum signal amplitude of the video 
signal . 

Due to such a constitution, compared to the 
characteristics of the video signal shown in Fig. 1, the 
superposition of DC voltages after switching of white and black 
can be r^uced more ef f ectively^ and^hence, it is possible to 
achieve «aji advantageous effect that the response speed can be 
enhanced. 

Here, in the above-mentioned graphs shown in Fig. 1 and 
Fig. 3, the signal amplitude of the video signal is taken on 
the axis of abscissas. However, it is possible to obtain %tee 
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substantiallyj^same advantageous effects even when the signal 
amplitude is replaced with the display gray scale. 
«relationship among video signal, reference signal and gate 
signal» 

Fig. 4 is a timing chart showing the video signal, the 
reference signal and the scanning signal supplied to the pixels . 



In Fig. 4, time is taken on an axis of abscissas and a 
potential is taken on an axis of ordinates.^ First of all, the 
gate signal GV is supplied to the first-line gate signal line 
GL, for example. In this case, the gate signal GV has a gate 
ON voltage GV (H) and a gate OFF voltage GV (L)^ and the first-line 
gate signal line GL is selected in response to a pulse of the 
gate ON voltage GV (H) , Due to such a selection, the thin film 
transistors TFT^ which adopt the first-line gate signal line 
GL as the gate electrodes^assume the ON statey and^ hence, the 
pixels which include the thin film transistors TFT in the ON 
state, that is, the respective pixels of the row of the first-line 
pixels which are arranged close to the given gate signal line 
GL and are arranged along the longitudinal direction of the 
given gate signal line GL^assume a state in which the pixels 
receive the video signal DV via the corresponding drain signal 
line DL. 

The supply of the video signal DV to the respective pixels 
of the pixel row is outputted in conformity with the selection 
timing of the gate signal line GL. In this case, the video 
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signal DV has the positive-side gray scale voltage 
(positive-polarity voltage) DV (U) and is supplied to the pixel 
electrode PX of the pixel by way of the thin film transistor 
TFT. Here, the positive-side gray scale voltage 

(positive-polarity voltage) DV (U) implies that the pixel 
electrode PX assumes the positive-polarity voltage with respect 
to the reference signal Vcom which is supplied to the counter, 
electrode CT of each pixel. ^ 

Then, in the next operation, CL-bhour ^gate signal line G L^l^A*-^^ 
different from the above-mentioned given gate signal line GL, 
for example, the second-line gate signal line GL which is 
arranged close to the above-mentioned given gate signal line 
GL^is selected, and the video signal DV is supplied to the 
respective pixels of the second-line pixel row which is arranged 
along the selected gate signal line GL. This video signal DV 
has the negative-side gray scale voltage (negative-polarity 
voltage) DV (L) . The negative-side gray scale voltage 
(negative-polarity voltage) DV (L) assumes the 
negative-polarity voltage with respect to the reference signal 
Vcom supplied to the counter electrodes CT of the respective 
pixels. 

^That is, the video signal DV is supplied sequentially 
in conformity with the timing for supplying the scanning signal 
GV to the gate signal lines GL which are sequentially selected, 
wherein the polarity of the video signal DL is inverted for 
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every supply. 

After the respective gate signal lines GL in one frame 
are all selected in this manner, the gate signal lines GL are 
sequentially selected in bke substantially^ same manner in the 
next frame. — 

^ In this case, at a point of time ^^Mt^ the above-mentioned 
first-line gate signal line GL is selected, the video signal 
DV which is supplied to the respective pixels of the first-line 
pixel row arranged along the gate signal line GL has the 
negative-side gray scale voltage (negative-polarity voltage) 
DV (L) . 

«Gray scale voltage» 

■^he^ideo signal DV is outputted in conformity with the 
timing of ^sequential^upplying of the scanning signal, for 
example^ such that y positive-side gray scale voltage 
(positive-polarity voltage) DV (U) and the negative-side gray 
scale voltage (negative-polarity voltage) DV (L) are 
alternately repeated. However, the video signal DV^shown in 
Fig. 4 ic indioatc d such that, for the sake of brevity of 
explanation, the voltage value of the positive-side gray scale 
voltage (positive-polarity voltage) DV (U) and the voltage value 
of the negative-side gray scale voltage (negative-polarity 
voltage) DV (L) are fixed. 

However, provided that these gray scale voltages are 
formed of a gray scale voltage, these gray scale voltages are 
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applied to the pixel electrodes PX having tim^ voltaqe values 
corresponding to) display colors of the pixels. 

Fig. 5 shows a resistance voltage divider circuit which 
is provided at a final stage of a gray scale generating circuit 
incorporated in the above-mentioned video signal drive circuit 
He. ^ 

^In the drawing, between a terminal TMl to which a 
low-voltage-side reference voltage VO is supplied and a terminal 
TM2 to which a high-voltage-side reference voltage Vmax is 
supplied, for example, seven resistances Rl, R2, R3, ... , R6, 
^7 are quonliiiftllj connected in series from the above-mentioned 
terminal TMl side. 

Then, voltages respectively having divided voltage 
values are supplied from connection points of j( respective 
resistancesjincluding the above-mentioned respective terminals 
TMl, TM2 . That is, the voltage VI is supplied from the terminal 
TMl, the voltage V2 is supplied from the connection point of 
the resistance Rl and the resistance R2, the voltage V3 is 
supplied from the connection point of the resistance R2 and 
the resistance R3, ... , the voltage V7 is supplied from the 
connection point of the resistance R6 and the resistance R7, 
and the voltage V8 is supplied from the terminal TM2 . 

Among these voltages, the voltages VI to V4 are taken 
out as the negative-side gray scale voltages (negative-polarity 
voltages) DV(L) and the voltages V5 to V8 are taken out as the 
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positive-side gray scale voltages (positive-polarity voltages) 
DV(U) . 

With respect to these gray scale voltages, in response 
to gray scale data for making given pixels p orf or - rn ^ a display 
among image data inputted to the liquid crystal display device, 
any one of the voltages V5 to V8 is selected when the gray scale 
voltage is inverted to the positive side and one of the voltages 
VI to V4 is selected when the gray scale voltage is inverted 
to the negative side and, thereafter, is supplied to the drain 
signal line DL. 

Here, although the resistance voltage divider circuit 
shown in Fig. 5 uses seven resistances, for example, the number 
of resistances is not limited. That is, the respective outputs 
may be fur ther divided using resistances to obtain febe/ finer 
division ofjgray scales^ and it is needless to say that the 
resistance voltage divider circuit can have such a constitution . 
« Relationship between center voltage and display gray scales 
of video signal » 

Fig. 6 is a graph showing the relationship between the 
center voltage CV of the video signal DV and the display gray 
scale of the video signal DV. "-^^ 

r — — — 

In Fig. 6, the display gray scale of the video signal 
DV is taken on an axis of abscissas in a state fetetj^the gray 
scale assumes the minimum value at the left side and the maximum 
value at the right side, while the voltage of the video signal 
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is taken on an axis of ordinates. 

The center voltage of the video signal DV^tasis^ the change 
characteristics shown in the a - bwii i mQi^tyaro - Tw ^ d Fig. 1, wherein 
the center voltage first:<i takes the value CVl.when the display 
gray scale is minimum and is increased corresponding to the 
increase of the display gray scale to a certain extent and assumes 
the value CV2 . Then, the center voltage of the video signal 
DV is decreased corresponding to subsequent increase of 

the display gray scale and assumes the value CV3 immediately 
before the maximum display gray scale and takes the value CV4 
when the display gray scale becomes maximum. 

With respect to this center voltage, the positive-side 
gray scale voltage (positive-polarity voltage) DV(U) is set 
such that the positive-side gray scale voltage DV (U) is increased 
sequentially along with the increase of the display gray scale, 
^he^in^tl^ gray scale voltage DV(U) sequentially 



assumes^ V5, V6, V7 and V8 over a range from the minimum value 
to the maximum value of the pixel display gray scale. Further, 
with respect to this center voltage, the negative-side gray 
scale voltage (negative-polarity voltage) .DV(L) is also set 
suchthat the negative-side gray scale voltage DV(L) is increased 
sequentially along with the increase of the display gray scale, 
whe^^^n^^UT^ gray scale voltage DV(L) sequentially 

assumes^V4, V3, V2 and VI over a range from the minimum value 
to the maximum value of the pixel display gray scale. In view 
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of the above^ by setting the respective resistances Rl, R2^ 
R3, ... , R6, F8 of the resistance voltage divider circuit shown 
in Fig. 5 to given values yocpooti p voly and by allowing the 
respective gray scale voltages VI, V2, V3,... V7, V8 obtained 
based on these resistances j, to have the relationship shown in 
Fig. 6, it is apparent that the change characteristics of the 
center voltage of the video signal DV is also expressed as shown 
in Fig. 6. 

Fig. shows nTumy which the respective resistances 

of the resistance voltage divider circuit shown in Fig. 5 are 
set such that R1=1Q, R2=8Q, R3=2Q, R4 = 1Q, R5=15Q, R6=1Q and 
R7=15Q. 

Fig- shows gi gaoto^ ^in which the high-voltage-side 

reference voltage Vmax is set to 5 . OOV and the low-voltage-side 
reference voltage VO is set to 0.20V in the resistance voltage 
divider circuit shown in Fig. 5, wherein the respective voltages 
divided by the resistances having the above-mentioned 
resistance values are set such that V8=5 . OOV, V7=3 . 33V, V6=3 .21V, 
V5=1.54V, V4=1.42V, V3=1.20V, V2=0.31V. V1=0.20V. 

Fig. 7j|J^ show the center voltages ^^calculated based on 
the respective voltages obtained in Fig. , wherein the center 

voltages CV are set such that CV1=1,48V, CV2=2.21V, CV3=1.81V, 
CV4=2.60V. Here, CVl is the average value of the 
above-mentioned voltages V5 and V4, CV2 is the average value 
of the above-mentioned voltages V6 and V3, CV3 is the average 
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value of the above-mentioned voltages V7 and V2^ and CV4 is 
the average value of the above-mentioned voltages V8 and VI. 
Embodiment 2 . 

Fig. 10 is a plan view showing another embodiment of ^^^^ 

pixel of the liquid crystal display device according to the 

present invent ion^and^ eorroopon d- G to Fig. ^ijlMf . 

The constitution which makes this embodiment different 

h 

from the embodiment shown in Fig. %10f lies in the constitution 
of the pixel electrode PX. That is, in this embodiment, the 
pixel electrode PX has «£)| end portion thereof at a side opposite 
to the side where the pixel electrode PX is connected to the 
thin film transistor TFT extended to and superposed te||another 
gate signal line GL^which is arranged with the pixel electrode 
PX sandwiched between another gate signal line GL and the gate 
signal line GL^which drives the thin film transistor TFT, and 
a capacitive element Cadd is formed on the superposed portion. 

Due to such a constitution, the pixel can have both C^ 
the capacitive element Cstg and the capacitive element Cadd. 
It is needless to say that the pixelj^may be configured to have 
only the capacitive element Cadd^without forming the capacitive 
element Cstg. 
Embodiment 3 . 



Fig. 11 is a plan view showing another embodiment q-f 
pixel of the liquid crystal display device according to the 
present invention. In the above-mentioned embodiments 
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|axx©i, the pixel electrode PX and the counter electrode CT are 
formed at the transparent substrate SUBl sideband the optical 
transmissivity of the liquid crystal is controlled hvAttc^ 
electric field which is generated between these electrodes"^ 
has fefefi|iComponent substantially parallel to the surface of the 
transparent substrate SUBl. 

However, with respect to the pixel shown in Fig. 11, the 
counter electrode CT (not shown in the drawing) is formed on 
a liquid-crystal-side surface of the transparent substrate SUB2^ 
which is arranged to face the transparent substrate SUBl in 
an opposed manner with the liquid crystal^therebetween^in common 
with the respective pixels, wherein the optical transmissivity 
of the liquid crystal is controlled by t*gej|electric field which 
is generated between the counter electrode CT and the pixel 
electrodes Pjq^-s^has fete|pomponent perpendicular to the surface 
of the transparent substrate SUBl. 

The pixel electrode PX is formed on tte substantially'^^ 
whole area of the pixel region. By forming both ^ the pixel 
electrode PX and the counter electrode CT using a transparent 
conductive film such as ITO or the like, it is possible to observe 
the optical transmissivity of the liquid crystal withj^naked 

Here, a portion of ftAPeriphery of the pixel electrode 
PX is formed in a superposed manner on another gate signal line 
GL^ which is arranged such that the pixel electrode PX is 
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sandwiched between another gate signal line GL and the gate 
signal line GL which drives the thin film transistor TFT 
connected to the pixel electrode PX, and a capacitive element 
Cadd is formed at the superposed portion. 

The above-mentioned rGopootivc embodiments may be used 
in a oigyiQl j^f orm or in combination. This is because thJLl the 
advantageous effects *of the respective embodiments can be 
obtained in a single form or synergistically . 

As can be clearly understood from the foregoing 
explanation, according to the liquid crystal display device 
of the present invention, it is possible to enhance the response 
speed of the display device. 
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